An adaptation method was used to investigate whether self-face processing is dissociable from general face processing. We explored the viewpoint aftereffect with face images having different degrees of familiarity (never-before-seen faces, recently familiarized faces, personally familiar faces, and the participant's own face). A face viewpoint aftereffect occurs after prolonged viewing of a face viewed from one side, with the result that the perceived viewing direction of a subsequently presented face image shown near the frontal view is biased in a direction which is the opposite of the adapting orientation. We found that (1) the magnitude of the viewpoint aftereffect depends on the level of familiarity of the adapting and test faces, (2) a cross-identity transfer of the viewpoint aftereffect is found between all categories of faces, but not between an unfamiliar adaptor face and the self-face test, and (3) learning affects the processing of the self-face in greater measure than any other category of faces. These results highlight the importance of familiarity on the face aftereffects, but they also suggest the possibility of separate representations for the self-face, on the one side, and for highly familiar faces, on the other.
Introduction
The self-face is a unique and important stimulus. Self-face recognition contributes to the sense of personal identity and to the development of self-knowledge (or awareness) from childhood (Suddendorf & Butler, 2013; Suddendorf, Simcock, & Nielsen, 2007; Sugiura, 2015) . A large number of studies provide evidence that self-face processing differs from the processing of another person's face, although it is debated whether such results should be attributed to the uniqueness of the self-face or, instead, to the fact that the self-face is a highly over-learned stimulus (Kircher et al., 2001) . Within this debate, the technique of adaptation potentials studies which, for the two classes of faces, show responses of different amplitudes, distinct sensitivities, and distinct neural activation patterns (Caharel, Jacques, d'Arripe, Ramon, & Rossion, 2011; Pourtois, Schwartz, Seghier, Lazeyras, & Vuilleumier, 2005) .
Face familiarity comprises both quantitative and qualitative dimensions. On the one hand, familiarity may reflect the level of previous exposure, with the faces of recent acquaintances being less familiar than the faces of old friends. On the other hand, familiarity may vary in a qualitative manner because familiar faces belong to different categories: our loved ones, our classmates, our relatives, our friends, the self-face, and the faces of famous people. Although, in general, familiarity facilitates face processing, it is not always so. For example, Carbon (2008) measured recognition accuracy both of famous faces and of personally familiar faces and found that even minor modifications to the original images led to a dramatic decline in recognition accuracy for famous faces, whereas recognition accuracy was very robust for the personally familiar faces. According to Carbon, this may be due to the fact that famous faces are processed as 'icons' that are tied to specific pictorial representations. Thus, regardless of their high familiarity, famous faces seem to be processed in a qualitatively different manner than other kinds of familiar faces.
The self-face advantage
Visual search is faster for target images corresponding to the participant's own face, relative to the faces of unfamiliar or familiar others. A 'self-face advantage' has been found in face owner identification (Keenan et al., 1999) , in face orientation identification (Caudek & Monni, 2013; Ma & Han, 2010; Sui & Han, 2007) , and in face categorization tasks (Ma & Han, 2009) . Such a reaction time (RT) advantage persists also after hundreds of presentations of an unfamiliar face (Tong & Nakayama, 1999) . In studies examining the capacity of different types of faces (self, friend, stranger) to grab attention when processing self, friend, and stranger names, however, recent evidence suggests that the selfface does not produce a greater amount of distraction in a naming task compared to other types of faces (Devue & Bre´dart, 2008; Keyes & Dlugokencka, 2014) . Strobach and Carbon (2013) have described the face adaptation effects according to a conceptual framework comprising three dimensions. The first dimension is associated with the facial information which is susceptible to adaptation. In fact, face aftereffects have been studied by considering different kinds of face properties, such as facial identity ('face-identity aftereffect'; Hurlbert, 2001; Leopold, Rhodes, Mu¨ller, & Jeffery, 2005; Walther, Schweinberger, & Kovacs, 2013) , normality (or absence of distortion; 'facedistortion aftereffect '; MacLin & Webster, 2001; Rooney et al., 2012; Walton & Hills, 2012; Watson & Clifford, 2003; Webster & MacLin, 1999) , pose ('viewpoint aftereffect'; Bi, Su, Chen, & Fang, 2009; Chen, Yang, Wang, & Fang, 2010; Daar & Wilson, 2012; Fang et al., 2007; Fang & He, 2005; Ryu & Chaudhuri, 2006) , ethnic group (Webster, Kaping, Mizokami, & Duhamel, 2004) , gender (Webster et al., 2004) , facial expressions (Butler, Oruc, Fox, & Barton, 2008) , adaptation of gaze direction (Jenkins, Beaver, & Calder, 2006) , and systematic distortions of the spatial or figural information of the face ('face figural aftereffect'; Carbon & Ditye, 2012; Carbon & Leder, 2005; Webster & MacLin, 1999) . The second dimension is associated with the time interval between adaptation and test. Different studies have considered delays of milliseconds (e.g. Leopold et al., 2001) , minutes (e.g. Carbon & Leder, 2006) , a one-night sleep (e.g. Ditye, Javadi, Carbon, & Walsh, 2013) , days (Carbon et al., 2007) , and even weeks (e.g. Carbon & Ditye, 2011) . The third dimension is associated with the transfer of adaptation effects (i.e. the difference between adaptation and test images).
Different facets of face adaptation effects

Familiarity and face adaptation
Taken together, the findings in the field of face adaptation research provide evidence that the magnitude of adaptation depends on the level of face familiarity. In order to manipulate familiarity, several studies have used images of famous people (Carbon & Ditye, 2011; Hills & Lewis, 2012; Walther et al., 2013) , whereas in other studies participants had been trained with face stimuli (Jiang, Blanz, & O'Toole, 2007 Ryu & Chaudhuri, 2006) . Only a few studies have examined the effects of adaptation by using personally familiar faces (Rooney et al., 2012; Walton & Hills, 2012) , or the participant's own face (Laurence & Hole, 2011; Rooney et al., 2012) .
Some studies indicate that face familiarity supports greater aftereffects also when the adaptor and test stimuli differ for pose orientation (Jiang et al., 2007) or illuminant direction (Jiang et al., 2009 ). It has also been shown that, for familiar faces, the aftereffects survive longer time lapses between the presentation of the adaptor and the presentation of the test stimulus, compared to unfamiliar faces (Carbon & Ditye, 2011; Carbon et al., 2007) . These results have been interpreted as suggesting that familiar faces are perceptually more 'flexible' than unfamiliar faces, thus allowing an easier transfer of adaptation from one face image to another (Carbon & Ditye, 2011; Carbon et al., 2007) .
Other studies have questioned this conclusion. In fact, when the self-face (i.e. a very familiar face) had been used as the adaptor, a smaller aftereffect has been found relative to when the adaptor was a familiar or an unfamiliar face. Laurence and Hole (2011) have interpreted this result as indicating that the processing of the self-face requires a smaller amount of attentional resource and, thus, it produces a smaller level of 'neural fatigue' relative to other kinds of faces, which in turn may explain the reduced aftereffect. Further studies have shown no effect of familiarity on the magnitude of the aftereffect. Rooney et al. (2012) found cross-identity aftereffects characterized by shifts in the perception of attractiveness, normality, and distortedness after exposure to distorted unfamiliar faces, the distorted self-face, and distorted friends' faces. They have interpreted these results as suggesting the existence of a common representation for all classes of faces, regardless of the level of familiarity. Finally, Ryu and Chaudhuri (2006) found that an increased level of familiarity actually interferes with the cross-identity transfer of the viewpoint aftereffect between the adaptor and the test images.
In another recent study, Walton and Hills (2012) used a stimulus set made up of familiar, unfamiliar, and personally familiar (subject's parents) faces. The adaptation task comprised both within-identity and cross-identity trials. Differently from Rooney et al. (2012) , they found a transfer of the aftereffect from all adaptor types to all test stimuli, but also a larger magnitude of the aftereffect in the presence of a familiarity match between adaptor and test (e.g. unfamiliar adaptor, unfamiliar test; famous face adaptor, famous face test), except for personally familiar faces (personally familiar faces as adaptors induced smaller aftereffects than other kinds of faces). Walton and Hills have interpreted their results as evidence of different representations for familiar, unfamiliar, and personally familiar faces.
In summary, the results of the studies investigating the effects of familiarity on the transfer of face adaptation do not provide a completely clear and consistent picture. It is important to note that all the studies mentioned above, apart from Ryu and Chaudhuri (2006) , examined the face aftereffects by using morphed distorted face images.
Effects of familiarity on face adaptation: Three hypotheses
Three hypotheses have been proposed to explain the effects of familiarity on face adaptation. Hypothesis 1. Familiar faces are processed differently from unfamiliar faces because they require fewer attentional resources (Gobbini et al., 2013; Tong & Nakayama, 1999) . According to this 'attentional' hypothesis, when used as adaptors, highly familiar faces, and the self-face in particular, should produce smaller aftereffects than less familiar faces. Hypothesis 2. An increased level of familiarity enhances the strength of face adaptation (Jiang et al., 2007) . According to this second hypothesis, stronger aftereffects are expected for the self-face and for highly familiar faces, regardless of whether they are used as adaptors or test stimuli, and smaller aftereffects should be found for unfamiliar adaptors and/or test faces.
Hypothesis 3. The self-face is 'special' because it engages neural systems that are physically or functionally distinct from those involved in representing the faces of other people. In an extreme form, this hypothesis predicts no transfer of adaptation between the self-face and other faces (Gillihan & Farah, 2005) .
The purpose of the present study is to evaluate these hypotheses by measuring the magnitude of the cross-identity transfer of the viewpoint aftereffect when using as stimuli faces with different degrees of familiarity. We considered (1) wholly unfamiliar faces (neverbefore-seen faces), (2) familiarized faces (unfamiliar faces to which the participants were exposed for a short amount of time before the experiment), (3) personally familiar faces (the face of a close friend), and (4) the participant's own face. In Experiment 1, we examined the transfer of the viewpoint aftereffect from unfamiliar or from briefly familiarized faces to faces with different levels of familiarity (the self-face, briefly familiarized faces, or unfamiliar faces). In Experiment 2a, we used the self-face as the adaptor with unfamiliar or briefly familiarized test faces. In Experiment 2b, participants were adapted to unfamiliar faces and were then tested with either a real-world familiar face (a close friend's face) or with briefly familiarized faces.
General method Apparatus and stimuli
Pictures of each participant's own face and of individuals who did not participate in the experiments were taken with a digital camera (Canon PowerShot A490). These images were then processed with Adobe Photoshop CS (Adobe Systems Inc.). All images were converted to greyscale and subjectively equated for luminance and contrast (see Figure 1 ). All faces were mirror-reversed. Final image size was 384 Â 384 pixels (visual angle of 5.4 Â 5.4 ). The experiments were controlled by MATLAB (Version 8.5.0; Mathworks, Natick, MA) using the Psychophysics Toolbox extensions (Brainard, 1997; Pelli, 1997 ) on a PC running Windows XP. Stimuli were presented on a 19-inch video monitor operating at 75 Hz with a screen resolution of 1280 Â 1024 pixels.
Procedure
The plan of the experiments is shown in Table 1 . Each experiment consisted of two phases: familiarization and test. Half of the participants underwent the familiarization phase whereas the remaining half did not (they only completed the test phase).
Familiarization phase. Prior to the test phase, participants were repeatedly presented with the faces of four strangers, together with their fictional name and surname, occupation, and place of residence (see Ryu & Chaudhuri, 2006) . The familiarization faces were presented sequentially in nine orientations for 1 s each (frontal view, 30 , 45 , 60 , and 90 rotation to the left or to the right relative to the frontal). The familiarization phase lasted 15 min. After the familiarization phase, participants completed a test in which they were asked to retrieve the information associated with each of the four identities (name, surname, place of residency, and occupation). None of the participants repeated the learning phase a second time before reaching criterion retrieval performance (100% correct).
In Experiments 1 and 2a four strangers' faces served as to-be-familiarized stimuli. In Experiment 2b we used the familiarization procedure with a single stranger's face.
Test phase. Immediately after the familiarization phase, participants completed the test phase of the experiment comprising three blocks of trials, for a total of 160 trials. The stimulus location and order of presentation at test were randomized for each participant.
In Experiment 1, five different face identities were used in the test phase: four strangers' faces (the same faces used in the familiarization phase) and the participant's own face. In each trial, the adaptor and test faces were paired randomly by selecting two of the five face identities used in the experiment, with the constraint that adaptor and test faces had different identities.
Each trial of the test phase comprised the following sequence: a central fixation cross (5000 ms), an adapting face (5000 ms), a black screen (100 ms), and a test face (50 ms). In half of the trials the adaptor was oriented 30 left and in half of the trials it was oriented 30 right. The test faces were randomly chosen from five orientations (frontal; 3 and 6 left or right).
In each trial, the adapting and test faces were located at randomly chosen positions of the screen, with the constraint of a minimum distance between the outer edges of the two images of at least 4 of the visual angle. The randomization of the positions of the adapting and test stimuli had the purpose of reducing low-level retinotopic adaptations (e.g. Chen et al., 2010) . For the same goal, we used different face identities for the adaptor and test stimuli.
Experiment 2a differed from Experiment 1 in that we always used the self-face as the adaptor stimulus (see Table 1 ). In the test phase we used the images of four strangers' faces.
Experiment 2b differed from Experiment 1 in two ways: the images of four (rather than five) strangers' faces were used as adaptor stimuli and, in the test phase, we used either the face of a close friend of the participant, or the face of a single stranger (see Table 1 ). The friend was matched in gender and age with the participant. The stranger's face used in the test phase differed from the strangers' faces used as adaptor stimuli.
Each participant was tested individually. Before performing the experiment, participants completed a short practice session (12 trials) in order to familiarize themselves with the procedure used in the experiment.
Data analysis
In order to compute the transfer of the face viewpoint aftereffect from adaptation, the participants' responses were coded as indicating whether the test image was perceived as facing away from the adaptor or not. To quantify the magnitude of the viewpoint aftereffect, psychometric functions were fit to each experimental condition by using a cumulative normal function. Generalized mixed-effects models with binomial error structure and a probit link function were used to analyse the participants' binary responses (facing away from the adaptor or not) by using the procedure described by Bates, Kliegl, Vasishth, and Baayen (2015) ; see also Caudek (2013) . The RTs were analysed by using linear mixed-effects models. The analyses were performed using the lme4 package (Bates, Ma¨chler, Bolker, & Walker, 2015) for the R statistical environment (version 3.2.2, R Core Team, 2015). For both types of analyses, we determined the significant random and fixed effects by first building a model (estimated through maximum likelihood) with the maximal random-effect structure (Barr, Levy, Scheepers, & Tily, 2013) . In a step-wise procedure, we then removed single random effects to create reduced models. The reduced models were tested against the more complex models by a log-likelihood ratio test (Baayen, Davidson, & Bates, 2008) to identify the random effects to be retained in the model. The significance of the fixed effects was tested by analysing the deviance of nested models by using a Type III analysis of deviance as implemented in the package car (Fox & Weisberg, 2010) . Post hoc multiple comparisons were performed by means of the functions in the package multcomp to ensure that the overall type I error remained below the significance level ¼ 0.05 (Hothorn, Bretz, & Westfall, 2008) .
RTs below 200 ms were removed. The remaining RTs were log-transformed to approximate a normal distribution. Log-transformed outlier RTs were cut off at a value three times the interquartile range above the third quartile and below the first quartile (Tukey, 1977) . Using this procedure, 2.9% of outlier RT observations were discarded.
Experiment 1
From the familiarity levels presently considered (never-before-seen faces, recently familiarized faces, personally familiar faces, and the participant's own face), in Experiment 1 we selected as the adaptor either a wholly unfamiliar face or a recently familiarized face. For the test we used a recently familiarized face, an unfamiliar face, or the participant's own face.
Design
In each trial of the experiment, we considered four different pairings between the familiarity levels of the adaptor and test faces: a familiarized adaptor (i.e. an adaptor face image initially unfamiliar to the participants, with which participants were familiarized in the learning phase of the experiment) together with a familiarized test face (fam_fam), a familiarized adaptor together with the self-face as the test image (fam_self), an unfamiliar (i.e. never-before-seen) adaptor together with the self-face as the test image (unfam_self), and an unfamiliar adaptor together with an unfamiliar test face (unfam_unfam). Half of the participants underwent a familiarization phase prior to the experiment whereas the other half did not. Each test session consisted of 160 trials: 120 presentations of either the unfam_unfam or the fam_fam conditions, and 40 presentations of either the unfam_self or the fam_self conditions, both divided equally between right and left adapting orientations. In the baseline condition, a separate group of participants completed the test phase with neither adaptation, nor with any prior familiarization phase.
Participants
Twelve subjects (nine females, aged 23-32 years; mean age: 25.8 years) participated voluntarily in Experiment 1. An additional four subjects participated voluntarily in the baseline condition (two females, aged 24-25 years; mean age: 24.3 years). All participants were right-handed, Caucasian, and had normal or corrected-to-normal vision. The participants were naı¨ve to the purpose of the study and none of them had previously been exposed to the stimuli used. The experiment was undertaken with the understanding and written consent of each participant. The experiment conformed to the institutional and national guidelines for experiments with human subjects and was run in accordance with the Declaration of Helsinki.
Results
In the baseline condition, participants were asked to decide whether the test face was oriented left or right (relative to the head-on position), in the absence of any adaptation. The results were estimated through a psychometric function with the proportions of 'faces oriented right' expressed as a function of the actual viewing angles of the faces. In these circumstances, the participants' responses showed no bias: The estimated point of subjective equality (PSE) was equal to 0. ]. The odds ratio (the ratio of the odds for x ¼ 1 to the odds for x ¼ 0) provides a measure of the effect size. By using the treatment (dummy) coding for the four pairings between the familiarity level of the adaptor and test faces, with unfam_self as the base reference level, the odd ratios estimated by the mixed-effect model were equal to 1.77, 1.50, and 1.25 for the fam_fam, fam_self, and unfam_unfam conditions, respectively.
Confidence intervals were also computed for Tukey's all-pairwise differences among the four adaptor-test familiarity levels by means of the procedure implemented in the multcomp package.
2 As indicated in Figure 3 , the transfer of adaptation from an unfamiliar face to the self-face was smaller than the transfer of adaptation from a familiarized adaptor to a familiarized test. Moreover, the transfer of adaptation from an unfamiliar adaptor to an unfamiliar test was smaller than the transfer of adaptation from a familiarized adaptor to a familiarized test. No other pairwise comparisons were statistically significant.
By considering only the unfam_self and the fam_self conditions, we run again the mixed-effect model described above by adding to the fixed effects part of the model the 
Discussion
The viewpoint aftereffect was stronger in the fam_fam and fam_self conditions, was weaker in the unfam_unfam condition, and was absent in the unfam_self condition. The first two results are consistent with Hypothesis 2. Instead, the result of the unfam_self condition is consistent with Hypothesis 3.
It is interesting to compare the results of conditions unfam_self and fam_self. The only difference between these two conditions concerns the familiarization phase that was used in condition fam_self. A very short learning phase prior to the experiment was sufficient to produce a viewpoint aftereffect in the fam_self condition (which was absent in the unfam_self condition), with a magnitude comparable to that found in the fam_fam condition. This result is hardly consistent with Hypothesis 3 and highlights the dramatic plasticity of face processing as a consequence of even a very short amount of learning.
It is also important to note that the modulation of the adaptation transfer in the different conditions of Experiment 1 cannot be reduced to the image similarity between the adapting and test stimuli. In fact, the cross-identity random pairing of the adapting and test stimuli guarantees that, on average, face similarity did not vary in a systematic manner across conditions.
Experiment 2
In Experiment 2, we varied the familiarity level of the adaptor and test faces as follows. In Experiment 2a the adaptor was the participant's own face and the test was either a familiarized face or an unfamiliar face. In Experiment 2b, the adaptor was an unfamiliar face and the test face was either a familiarized face or a highly familiar face (the face of a close friend).
Participants
Twelve subjects (seven females, aged 22-29 years; mean age: 25.6 years) participated voluntarily in Experiment 2a. Another 16 subjects (10 females, aged 23-32 years; mean age: 24.9 years) participated voluntarily in Experiment 2b. All participants were righthanded, Caucasian, and had normal or corrected-to-normal vision. The participants were naı¨ve to the purpose of the study and none of them had participated in Experiment 1 or previously been exposed to the stimuli used. The experiment was undertaken with the understanding and written consent of each participant. The experiment conformed to the institutional and national guidelines for experiments with human subjects and was run in accordance with the Declaration of Helsinki.
Design
In Experiment 2a there were two between-subjects pairings between the familiarity levels of the adaptor and test faces: self-face adaptor and unfamiliar test (self_unfam) or self-face adaptor and familiarized test (self_fam). In Experiment 2b there were two between-subjects pairings between the familiarity levels of the adaptor and test faces: unfamiliar adaptor and familiarized test (unfam_fam) or unfamiliar adaptor and friend's face test (unfam_friend) .
In Experiment 2a, each session consisted of 160 trials, either in the self_unfam or in the self_fam conditions, both divided equally between right and left adapting orientations. In Experiment 2b, each session consisted of 160 trials, either in the unfam_fam or in the unfam_friend conditions, both divided equally between right and left adapting orientations. Figure 4) . Also, the self_fam condition produced a statistically Effect of unfamiliar adaptors (Experiments 1 and 2b). In Experiment 1, an unfamiliar adaptor was paired with an unfamiliar test face and with the self-face; in Experiment 2b, an unfamiliar adaptor was paired with the image of a friend's face and with the image of a familiarized face. By following the procedure described in Experiment 1, we compared the amount of adaptation transfer when the test face was the participant's face with the amount of adaptation transfer when the test face had different levels of familiarity (an unfamiliar face, a familiarized face, and a personally familiar face). The results of these three pairwise comparisons are shown in Table 2 (unidirectional tests). As expected, the transfer of the adaptation from an unfamiliar face to the self-face was significantly smaller than the transfer of adaptation from an unfamiliar adaptor to a personally familiar face (friend's face). The transfer of the adaptation from an unfamiliar adaptor to the self-face was also significantly smaller than that observed when using a familiarized test face. The third comparison, instead, which involves in the test phase either an unfamiliar face or the self-face, was not statistically significant. We also estimated the standardized effect size for the mean difference of the PSE shifts by comparing the adaptor-test familiarity levels of Experiments 2a and 2b with the nonfam_self condition of Experiment 1. The effect size was large (Cohen's d ¼ 1.32) for the self_fam versus unfam_self comparison and it was also large (d ¼ 0.90) for the self_unfam versus unfam_self comparison; the effect size was medium (d ¼ 0.52) for the unfam_fam versus unfam_self comparison and it was large (d ¼ 1.22) for the unfam_friend versus unfam_self comparison.
Results
Discussion
The results of Experiment 2a indicate that the self-face generates a transfer of the viewpoint adaptation comparable to that produced by a face which has been familiarized by means of a very short learning phase. Moreover, the comparison between the unfam_fam condition of Experiment 2b and the unfam_self condition of Experiment 1 indicates that an unfamiliar adaptor can yield a transfer of adaptation to a familiar face, but not to the self-face. Finally, an unfamiliar adaptor (Experiment 2b) yielded a magnitude of transfer of adaptation to a personally familiar face (a friend's face) that was comparable to that found when a familiarized face was used as the test stimulus (with a level of familiarity artificially generated in the laboratory with a brief learning session).
Analysis of the RTs
The RTs of all experiments were analysed with a mixed-effects model with the amount of rotation from the frontal position of the test face (0 , 3 , 6 ), the familiarity level of the adaptor (familiar, unfamiliar), the familiarity level of the test image (familiar, unfamiliar), and the adaptor familiarity Â test familiarity interaction as fixed effects. The final model comprised by-subject random intercepts and by-subject random slopes for the amount of rotation from the frontal position of the test image. By following the procedure suggested by Baayen and Milin (2010) , we removed data points with absolute standardized residuals exceeding 2.5 standard deviations (1.5% of the total) and refitted the model. The results indicate that the mean log(RT) decreased as a function of the amount of rotation from the frontal position, 2 1 ¼ 30.81, p ¼ .0001. Interestingly, participants' latencies of response were about 733 ms longer when the test stimulus was an unfamiliar rather than a personally familiar or familiarized face, 2 1 ¼ 5.78, p ¼ .0162. However, such different uncertainty in the responses was not associated with any uncontrolled difference in viewing times across conditions because the test stimulus was only presented for 50 ms. None of the other main effects or interactions were statistically significant.
General discussion
Our study confirms previous findings showing that visual representations of different kinds of faces (the participant's own face, unfamiliar, familiar, and personally familiar faces) undergo rapid adaptation. The novel result of our experiments is to show that the cross-identity face viewpoint aftereffect varies as a function of the degree of familiarity and that, in specific circumstances, the self-face is processed differently than a personally familiar face (friend), an artificially familiarized face, or an unfamiliar face.
We found a similar viewpoint aftereffect when the test stimulus was the self-face and when the adaptor was a familiarized face (self_fam), or vice versa (fam_self). This symmetry between the effects of the level of familiarity of the adaptor and the test stimuli, however, was absent for the pairing between the self-face and an unfamiliar face image: we found adaptation transfer between the self-face adaptor and an unfamiliar test face (self_unfam) but no transfer of adaptation towards the self-face when the adaptor was an unfamiliar face (unfam_self). Fang et al. (2007) suggest that the magnitude of the transfer of the viewpoint aftereffect between different stimuli is proportional to the overlap of their neural representations. Accordingly, the present results indicate that the greatest 'neural distance' is found between an unfamiliar adaptor and the self-face test.
Importantly, the comparison between the unfam_self and the fam_self conditions shows that a very short familiarization phase with an initially unfamiliar face is sufficient to yield a transfer of adaptation towards the self-face (unfam_self). In Experiment 1, in fact, the unfam_self and the fam_self conditions only differed for the presence of a short familiarization phase. The difference between the results obtained in the unfam_self and fam_self conditions thus highlights the great plasticity of the visual system for what concerns the processing of the self-face.
The present results are inconsistent with Hypothesis 1 in 'Introduction'. In fact, we found a similar viewpoint aftereffect in the fam_fam and self-fam conditions, although Hypothesis 1 predicts a much smaller viewpoint aftereffect in the second case. Our results are also, at least in part, inconsistent with Hypothesis 2. We found a large difference in the viewpoint aftereffect between the unfam_fam and unfam_self conditions, with no aftereffect in the latter case, although Hypothesis 2 predicts the opposite result. In fact, the degree of familiarity that we created in the laboratory is certainly smaller than the degree of familiarity that is naturally associated with the self-face. Therefore, Hypothesis 2 must be emended in order to take into consideration not only the amount of familiarity but also the specificity of the self-face with respect to other highly familiar faces. Finally, the present results are also inconsistent with Hypothesis 3, because we found a viewpoint aftereffect in the self_unfam, self_fam, and fam_self conditions, where the self-face served either as adaptor or as test stimulus, although Hypothesis 3 predicts no aftereffect in all these cases.
It is interesting to compare the size of the viewpoint aftereffect when familiarity was artificially induced in the laboratory and when familiarity was produced in an ecological context by the prior social experience of the participants (e.g. the face of a friend). The transfer of adaptation in the unfam_unfam condition was very similar to that found in the unfam_friend condition. This suggests that an unfamiliar face can act as an efficient adaptor both with an unfamiliar test face and with a personally familiar test face. Moreover, the comparison of the fam_fam and the unfam_fam conditions suggests that, when the degree of familiarity of the test stimulus is kept constant (a face artificially familiarized in the laboratory), a greater level of familiarity with the adaptor strengthens the transfer of the cross-identity viewpoint aftereffect, consistent with Hypothesis 2. Walton and Hills (2012) have suggested that, when adaptation is studied by using distorted faces, extremely familiar faces may resist the aftereffects following adaptation because 'participants [. . .] know that those faces can never be distorted in that way' (p. 6). In fact, they found a very small aftereffect when using personally familiar faces as test stimuli. Such an argument, however, does not apply to the viewpoint aftereffect because, within such a paradigm, face distortions are never present.
We can relate the present results to the neuro-physiological literature in which several recent studies have examined the possibility that unfamiliar faces, familiar faces, and the self-face may be processed by different neural substrates, with a different hemispheric specialization. Although the locus of the aftereffect may be distributed across multiple levels of the visual hierarchy (Zimmer & Kovacs, 2011) , there are indications that the self-face, on the one side, and unfamiliar faces, on the other, may elicit preferential responses in different brain regions. For example, Taylor et al. (2009) found that the processing of unfamiliar faces appears to recruit primarily the left hemisphere (see also Eger et al., 2005) ; conversely, the processing of the self-face seems to be mainly supported by the right hemisphere (Keenan, Nelson, O'Connor, & Pascual-Leone, 2001 ). Given that these two classes of faces are predominantly processed by different hemispheres, adaptation to one of these classes of faces should not produce a transfer of the viewpoint aftereffect to the other class of faces. However, the present data cannot be fully explained by the hypothesis of a hemispheric specialization of the processing of faces having different levels of familiarity. In fact, although we did not find a transfer of adaptation from an unfamiliar face to the self-face (unfam_self), we did find an adaptation transfer from the self-face to an unfamiliar face (self_unfam).
Overall, we consider the present results to be compatible with the hypothesis that familiarity strengthens the viewpoint aftereffect, albeit with a caveat. Hypothesis 2 rests on the idea of a collection of neural populations in the human visual system, each tuned to a particular view. Familiarity (i.e. learning) may sharpen the orientation tuning curve for each view (e.g. Moldakarimov, Bazhenov, & Sejnowski, 2014) and this may favour the transfer of adaptation (see the comparison between the fam_fam and the unfam_unfam conditions). The caveat is that the self-face cannot be considered solely as an over-learned face because, differently from a personally familiar face (unfam_friend), it resists the transfer of adaptation from a 'weak' (unfamiliar) adaptor (unfam_self). This suggests that the selfface may be coded in a different manner than other kinds of faces, given that we always found a transfer of adaptation among unfamiliar faces, familiarized faces, and personally familiar faces. However, the 'robustness' of the self-face disappeared after a very short familiarization with the adaptor stimulus (fam_self condition). Moreover, no differences in the magnitude of the viewpoint aftereffect were found between the self_fam and the fam_fam conditions, or between the self_unfam and the unfam_unfam conditions, which suggests that the participant's own face reveals no specificity when it is used as the adaptor with respect to familiar or unfamiliar faces used as a test (contrary to Hypothesis 1).
Laurence and Hole (2011) examined the within-identity transfer of adaptation with distorted faces and found smaller aftereffects when participants were adapted to their own face than when they were adapted to another person's face. One possible explanations of this 'own-face' effect was formulated in terms of Valentine's (1991) multidimensional face space model. Within this framework, Laurence and Hole proposed that the 'own-face' effect could be due to the fact that the centre of each individual's personal face-space may be based on his/her own face. If this were true, however, in the present case we would expect a smaller viewpoint aftereffect in the self_fam condition than in the fam_fam condition, and a smaller viewpoint aftereffect in the self_unfam condition than in the unfam_unfam condition. Neither of these two predictions is supported by the present data. The present results, therefore, do not support the hypothesis that the self-face might be used as the centre of each individual's personal face-space. Walton and Hills (2012) have suggested that personally familiar faces may not be stored in the face-space, but rather as unique entities. This idea could be extended to the representation of the self-face (Hypothesis 3). Although such a proposal is consistent with the data of the unfam_self condition, it does not explain the results of all the other conditions of the present study in which the self-face was used either as the adaptor or as the test stimulus.
No statistically significant difference in discrimination performance depending on the pairing between the familiarity levels of the adaptor and test faces was found in any of the three experiments (Experiment 1: familiarized or unfamiliar adaptor; Experiment 2a: self-face adaptor; Experiment 2b: familiarized or personally familiar test). It must be considered, however, that the modulation of discrimination performance in adaptation studies is proportional to the length of the visual experience. Many studies have shown that perceptual learning requires tens of hours of training, often over an extended period of time (e.g. Lorenzino & Caudek, 2015) . In the current study, however, the familiarization phase was only 15 min. Such a short training was capable of modulating the size of the viewpoint aftereffect, but it did not affect discrimination accuracy.
A question that the present study has not answered is whether the long-term stability of the face adaptation effects is modulated by the level of familiarity. For example, Ditye et al. (2013) adapted participants to images of famous actors and then measured the perceived distortion levels either after a full night's sleep or after a 90 min nap. Control groups remained awake during the same time intervals and were blindfolded to prevent visual input. Interestingly, Ditye et al. found that participants who slept exhibited a stronger aftereffect than those who remained awake. This indicates that sleep prevents decay of adaptation and favours memory consolidation also for complex visual representations, such as faces. Whether such consolidation depending on sleep operates differently for the self-face and for other realworld familiar faces remains an interesting question for future research.
To conclude, the present results provide new insights into the face viewpoint adaptation. The different magnitudes of the viewpoint aftereffect as a function of the level of familiarity suggest that face view-selective neurons in the human visual system may be also tuned to face familiarity (Rooney et al., 2012; Walton & Hills, 2012) . Such results are consistent with the idea that face coding is not only view-specific (Fang, Ijichi, & He, 2007; Jeffery, Rhodes, & Busey, 2006) but also identity-specific. Moreover, the demonstration that the self-face can modulate the viewpoint aftereffect in a different manner than the level of familiarity (generated artificially in the laboratory or generated through the experience in a social context) suggests that separate cell populations may encode face viewpoint in the case of highly familiar faces and in the case of the self-face. The findings indicating that (1) the selfface was the only stimulus capable of resisting the adaptation transfer from a 'weak' adaptor, and (2) the transfer of adaptation to the self-face was affected by the familiarization with the adaptor more than any other class of faces, might highlight the specificity of self-face processing. These results are interesting because they are not easily accommodated within the current models of face processing.
